The employed combinatorial PLD approach is based on the superposition of large-area films of the parent compounds, i.e. LSM and LSC, which follow a Gaussian shape. In order to generate a gradient of composition, the plume of each compound is centred at opposite sides of the wafer substrate separated by a relative distance, d (Figure S1a) . The different thickness of the LSM and LSC layers at each point defines the relative Co:Mn content, i.e. the composition of the final LSMC layer at each position ( Figure S1a) . This in-situ synthesis of the LSMC compound by interdiffusion of Mn and Co cations was achieved by depositing very thin individual alternate LSM and LSC layers at high substrate temperatures (T = 700ºC) [29][30][31] (see details of the PLD deposition optimization in Section S.1.2). In order to control the thickness and compositional gradient of the LSMC binary map, a detailed analysis of the shape of the parent compound patterns (see Section S.2.2) and their overlapping as a function of the centres position and relative distance (d) was carried out (see Section S.2.3). After the optimization, this distance was fixed to d = 8 cm to cover the whole range of compositions of the LSMC pseudo-binary system (La 0.8 Sr 0.2 (Mn 1-x Co x ) 0.85 O 3±δ ; x ≈ 0 to 1) with a reasonable thickness (from 80 to 175 nm) and Co-content gradient (Figure S1b) . These thickness values allow obtaining a large spread of cobalt intermediate compositions with crack-free microstructures. Besides, homogeneous areas in thickness and composition were attained, which were suitable for the oxygen diffusion studies. With these conditions, the final LSMC combinatorial sample was grown on a 4-inch (100)-oriented Si wafer covered with a 100-nm thick yttria-stabilized zirconia (YSZ) layer using a large-area PLD system specially designed for fabricating continuous composition spread (CCS) libraries (Figure S1c) . Figure S1 . a) Sketch of the combinatorial PLD approach employed for the deposition of binary compositional maps, being d the relative distance between the plume centres b) Predicted compositional and thickness maps for the parent compound depositions centred at a relative distance of d=8cm; c) Top-view image of the as-prepared LSMC pseudo-binary system at wafer level.
S.1.2 Optimization of the deposition conditions for crack-free dense LSM and LSC films
The optimization of the PLD deposition conditions for obtaining dense LSM and LSC thin films was considered as a preliminary step for performing LSM/LSC dense multilayer depositions. This optimization of deposition parameters was performed in a Si substrate covered with dense polycrystalline PLD layers of 8 mol-% Y 2 O 3 (8YSZ). According to Infortuna et al. 1 , the main parameters to optimize are the substrate temperature and the oxygen partial pressure. Different depositions are carried out in the temperature range from T=500°C to 800°C and at different oxygen partial pressures of p=20mT, 70mT and 200mT.
In Figure S2 , XRD pattern represents the phase evolution of LSM and LSC thin films over different substrate temperatures (T=500°C, 600°C, 700°C and 800°C). A good crystallization of both perovskites takes place over 600ºC showing slight preferential orientation of the polycrystalline layers by varying the substrate temperature. Fixing the substrate temperature at 700ºC, different depositions were performed at three oxygen partial pressures p=20mT, 70mT, 200mT, in order to achieve dense and porous LSM, and LSC layers. Figure S3 shows the microstructural evolution of these layers with the oxygen pressure confirming that LSM and LSC are fully dense at low pressures (p = 20mT). For LSM layers cracks are not observed while in LSC layers cracks can be observed for all pressures. Generally, cracks arise in thin films due to two factors, which are thermal expansion mismatch with the substrate 2 and thin film thickness 3 . Thin films with dense microstructure release its stress in the form of cracks after a certain thickness, called critical thickness, by the formation and nucleation of dislocations that can evolve in the form of cracks 3 . Since LSM, LSC and Si present different TECs (TEC LSM ≈ 10.08 x 10 -6 K -1 , TEC LSC ≈ 21.54 x 10 -6 K -1 and TEC Si ≈ 4 x 10 -6 K -1 ), cracks are expected after the critical thickness in both cases. According to a specific study in similar deposition conditions (Figures S4), it was found that ca. 250nm and 40nm are the critical thicknesses to grow crack-free dense LSM and LSC layers, respectively. As explained in the Section S.2. of the manuscript, the fabrication of CCS LSMC system from LSM and LSC multilayers requires a good inter-diffusion of the cations Mn and Co cations (the parent compounds, La 0.8 Sr 0.2 MnO 3+δ and La 0.8 Sr 0.2 CoO 3-δ, have the same amount of A-site atomic concentration which prevents from inter-diffusion of La and Sr atoms). However, this can take place during the deposition (in situ) or afterwards using a post-annealing thermal treatment ( Figure  S5) . Figure S5 . Schematic diagram of the methodology to fabricate a new composition from ultra-thin film multilayer system. LSM/LSC multilayer deposition was carried out in the above conditions to check the compatibility between LSM and LSC layers in reaching the intermediate compositions of the LSMC system directly during the deposition step. Intermediate compositions such as La 0.8 Sr 0.2 (Mn 1-x Co x ) 0.85 O 3±δ (x= 0.25, 0.5, 0.75) were fabricated from the multilayer depositions of LSM and LSC parent materials by keeping the thickness of the parent layers under 2 nm. The XRD patterns of the asdeposited multilayers showed in Figure S6 indicate that there is a good inter-diffusion of cations between the LSM and LSC multilayers since the intermediate compositions of LSMC are properly formed and crystallized and there is not any secondary phase observed in the whole range of cobalt concentrations. However a preferential orientation is observed. All in all, the deposition conditions of the parent compounds of the combinatorial LSMC system were optimized in PLD to grow single-phase dense, homogeneous and crack-free layers. It was found that an oxygen partial pressure of p=20mTorr and a substrate temperature of T=700°C are the best common deposition conditions to reach polycrystalline LSM and LSC. It was also found that thicknesses below 2nm for the multilayer LSM/LSC allow direct synthesis of LSMC compounds during the deposition.
S.2. Optimization of the deposition of large-area parent compounds

S.2.1. Large-area LSM and LSC deposition
To study the thickness map of the single LSM and LSC deposition patterns, samples with individual layers of LSM and LSC were deposited on 4-inch Si wafer, using the same deposition conditions as the ones optimized for obtaining dense LSM and LSC layers in Section S.1. This large-area LSM and LSC PLD-deposited patterns showed elliptical shape due to the influence of energy distribution in the laser focalization spot (Figure S7) 4 . These deposition patterns consist of elliptical shaped multi-coloured concentric rings corresponding to a thickness variation of the layers from the centre of the plume, called in the next "plume centre", which shows the maximum thickness, to the opposite edge with almost no deposition of material. A symmetrical shape is assumed in order to allow the adjustment to an elliptic 2D-Gaussian function. Using this approximation, it is possible to generate the whole thickness map by interpolation of experimental points coming from three main axes, namely, vertical major axis, horizontal minor axis and cross axis. These axes are represented by yellow lines in Figure S7 . 
S.2.2. Mapping of the LSM and LSC thickness layers
The LSM and LSC layers thickness were measured using a combination of non-destructive micro-Raman and SEM (the last one only for calibration and validation purposes). The thickness determination by micro-Raman analysis is based on the Beer's Law of attenuation 5 . The attenuation of the Si substrate Raman signal due to the LSM (or LSC) top layer ( Figure S8 ) is proportional to its thickness and its absorption coefficient, following equation (S1),
where ‫ܫ‬ is the Si substrate intensity with the top layer, ‫ܫ‬ is the Si substrate intensity without the top layer, ߙ is the attenuation coefficient of the top layer (that can be obtained from the slope of equation S1) and t is the film thickness.
Figure S8. Illustration of thickness determination by micro-Raman analysis from the substrate signal attenuation.
Micro-Raman measurements were performed along the aforementioned three axes every 5 mm for both LSM and LSC parent depositions. Raman measurements were performed using T-64000 Jobin Yvon/Atago Bussan triple spectrometer equipped with liquid nitrogen cooled CCD detector. A green laser light of wavelength λ = 514.5 nm with spot size 0.5 µm was used to excite the samples.
The collection of Raman spectra for different points in Figure S9 show the gradual decrease of the Si peak intensity along the horizontal axis for both, LSM and LSC, parent compounds, confirming the thickness variation of the layers along this axis. The prominent peak for Si is positioned at 520 cm -1 . This is the peak used as a reference to determine the LSM and LSC thickness by employing its relative intensity ‫ܫ‬ ‫ܫ‬ ⁄ (equation S1). The insets in Figure S9 illustrate that the relative intensity of the Si signal follows the Beer's law of attenuation. The absorption coefficient (α) obtained from equation S1 for LSM is α=0.019 nm -1 while for LSC is α=0.032 nm -1 , in agreement with values reported in the literature 6, 7 . In order to convert this attenuation into an absolute value of thickness a calibration is required. For this purpose we used a single measurement of the thickness carried out by SEM (for each material). The set of discrete values of thickness obtained was interpolated on the x-y plane using 2D Gaussian functions, according to equation (S2):
where ܼ is the LSM (or LSC) thickness at each point of the ሺ‫,ݔ‬ ‫ݕ‬ሻ plane and ܼ , ‫,ܣ‬ ‫ݔ‬ , ‫ݕ‬ , ‫ݓ‬ ଵ , ‫ݓ‬ ଶ are constants to fit. ‫ݔ‬ ‫ݕ/‬ , and ‫ݓ‬ ଵ / ‫ݓ‬ ଶ are the amplitude, the position of the plume centers and the Full-Width Half Maximum (FWHM) in x-and y-axis, respectively.
The LSM and LSC thickness maps along the horizontal, vertical, and cross axes generated by fitting the experimental data using equation S2 are plotted in Figures S10 and S11 together with the thickness measured by micro-Raman and SEM. The maximum thickness for the LSM and LSC layers at the plume centres were around 240 nm and 230 nm, respectively. At the wafer edges the minimum thickness values measured were between 1 nm to 25 nm. In general, the thickness estimated by SEM, the one obtained by micro-Raman and by Gaussian fitting are in good agreement. These results confirm the possibility of attaining a complete thickness map by a nondestructive technique, such as Raman, and of predicting the thickness distribution at wafer level using an analytical function and a limited number of experimental values. Consequently, 2D-Gaussian functions were used to optimize the thickness (and composition) map of the LSMC system (see following section). 
S.2.3. Superposition of parent layers and optimization of the combinatorial map
The overlapping of LSM and LSC deposition gives rise to a layer in which, in principle, the thickness at each point corresponds to the sum of the thickness of the individual parent layers. Assuming a good inter-diffusion, this relative thickness also should give the relative Mn:Co content (since the materials density is similar, i.e. δ LSM = 6.4 g cm -3 and δ LSC = 7.11 g cm -3 The average thickness, concentration gradient and Co/(Mn+Co) ratio values obtained along the central axis of the LSMC layers for different relative plume distances are compiled in Table S1 . In order to define the most suitable compositional map for the oxygen diffusion studies, it is important to ensure (i) compositional homogeneity, i.e. the concentration gradient is low enough in the typical lateral length scale used for the oxygen diffusion experiments (~100 µm), (ii) a minimum thickness to properly define a depth profile, and (iii) cover the maximum compositional range of the La 0.8 Sr 0.2 Mn 1-x Co x O 3±δ family. According to Section S.1.2, it is important to minimize the thickness of the Co-rich compositions to avoid the crack formation. A good trade-off can be found for thicknesses around 100 nm. Taking into account the previous criteria, Figure S12 and Table S1 , the relative distance of 8 cm was considered the most appropriate to perform the CCS deposition. 
S.3. Compositional and (micro) structural characterization of the combinatorial sample
S.3.1. XRD characterization of the combinatorial sample
The increase of Co concentration generates a peak shift towards higher angle 2θ (Figure 1. a of the manuscript) which indicates a change in the cell parameter of LSMC crystal structure likely due to Mn replacement by Co atoms. The pseudo-cubic unit cell parameter (a c ) is plotted as a function of the Co concentration, together with values from the literature, in Figure S13 . Figure S13 . Pseudo-cubic lattice parameter for the LSMC system obtained by XRD. Values from De Souza et al. 8, 9 for bulk LSMC samples are presented for comparison.
S.3.2. SEM characterization of the combinatorial sample
Typical cross-section and top-view SEM images of the LSMC layer show its full-density and a columnar-type microstructure with grain sizes in the nanoscale (Figure S14) . A series of lowmagnification top-view SEM pictures are included in Figure S15 . This set of images confirms the formation of cracks for high contents of cobalt (at x > 0.80). Since cracked layers are not suitable for oxygen diffusion measurements, the presence of cracks limits the range of cobalt to analyze to x=0-0.8.
Figure S14. Typical cross-section a) and top-view b) SEM images of the LSMC layer (~50% Co).
The cross-section shows a columnar-like structure for the YSZ and LSMC layers.
Figure S15. Low-magnification SEM top-view images of the LSMC layer for different Co contents.
Above x = 0.80, the layer presents the formation ofs crack. Figure S16 illustrates the average grain size values obtained by combined analysis of AFM and SEM as a function of the Co. The grain size values estimated from AFM were applied in Finite Element simulation (FEM) to simulate the oxygen diffusion profiles of LSMC combinatorial samples. Figure S16 . Average grain size estimated from AFM images is plotted against the Co/(Co+Mn) atomic ratio for the combinatorial samples.
S. 3.3. Grain size evolution in the combinatorial sample
S.3.4. Mn and Co relative ratio evolution in the combinatorial sample
In Figure S17 the Mn and Co relative ratios along the central axis estimated from EDS and WDS techniques are compared with the relative concentration predicted from the plume superposition study (for d = 8 cm) (see section S.2.3). In general, both techniques show a good correlation with the predicted values. However, some discrepancies are observed when approaching the wafer edges due to deviations from the Gaussian approach. Figure S18 shows the depth profile of a LSMC/YSZ/Si layer obtained by ToF-SIMS. A very low interdiffusion between the LSMC and the YSZ layer is observed, as well as a negligible presence of Si in the LSMC, proving the high quality of the deposited films. 
S.3.5. Quality of multilayers evaluated by ToF-SIMS
S.4. FEM simulations of the isotopic diffusion profiles of the LSMC/YSZ/Si system
S.4.1. Physical modeling
The geometry of the simulation unit and the mesh employed for finding the numerical solution of the diffusion profiles obtained by IEDP-SIMS are presented in Figure S19 . The geometry consists of a bilayer, i.e. a LSMC top layer designed as a columnar grain divided into four equal subgrains by a cross of 1 nm wide that corresponds to grain boundaries; and a YSZ bottom layer as an undivided columnar grain (Figure S19a ). An analysis of mesh convergence was carried out and the mesh dimensions were optimized based on that. Figure S19b shows a the meshing of the unit cell. 
S.4.2. Validation of the FEM methodology
To the authors' best knowledge, the most similar diffusion equations with analytical solution is the so-called two-slab model 10 . This scenario considers two homogeneous layers of thickness d 1 and d 2 and transport coefficients k* 1 , D* 1 , and D* 2 , respectively, on top of an oxygen diffusion barrier (Figure S20a) . Figure S20b compares the result of the analytical solution of the two-slab model (with D* 2 >> D* 1 ) with the numerical solution generated by the FVM model. An excellent agreement between both curves is obtained validating the methodology employed in this work. A sensitivity analysis has also been conducted in order to check the strength of the fitting. Figure  S21 summarizes the effect of changing each mass transport parameter in the simulations, for an exemplifying sample of 6% Co. As it can be observed, changes in ‫ܦ‬ * strongly affect the slope of the oxygen profile. ݇ * plays a key role in obtaining the oxygen concentration in the YSZ buffer layer. A clear minimum is obtained when calculating the sum of errors, see the inset in the figures. As expected, ‫ܦ‬ * and ݇ * have a less influence in the total fitting error. Nevertheless, the oxygen profile shows some characteristic features (such as the increase near the surface or the lower concentration near the LSMC-YSZ interface) associated to these two parameters that helps in obtaining a good fitting, determining a minimum in the total error. Finally, an analysis of the grain size effect on the fitting was also carried out. This was important in order to assess the error associated to the grain size distribution found in the films. In Figure S22 , we present an exemplifying fitting of the 6% Co sample with three different grain sizes (and constant grain boundary thickness). The results for ‫ܦ‬ * , ݇ * , ‫ܦ‬ * and ݇ * are collected in Table   S2 . Figure S22 . Simulated profiles of a LSMC film with 6% Co content, for three different grain sizes d = 17, 23, 29 nm, compared to the isotopic diffusion profile obtained by SIMS. Grain size 17nm 23nm 29nm 40nm * 6.80·10 -13 8.50·10 -13 1.00·10 -12 1.30·10 -12 * 7.00·10 -16 8.80·10 -16 1.30·10 -15 1.70·10 -15 * 5.30·10 -8 7.20·10 -8 9.06·10 -8 1.35·10 -7 * 6.50·10 -10 6.00·10 -10 6.06·10 -10 6.00·10 -10 As can be observed, ݇ * and ‫ܦ‬ * increases for increasing the grain size. Also ‫ܦ‬ * follow the same trend, since for bigger grains higher bulk diffusion would be needed to fill the whole grain. Such analysis has been used in order to calculate the error on the obtained ‫ܦ‬ * and ݇ * values (error bars in Figure 4b ,c), based on the grain size distribution obtained from both AFM and SEM analysis. Note that the error bars are asymmetric because of the different effect of either increasing or decreasing the grain size on the fitting.
S.5. In-plane electrical characterization of LSMC sample
S.5.1. 4-probe in-plane measuring configuration
The electrical characterization was carried out in an in-plane four probe geometry, after cutting the combinatorial sample in chips of 1x0.5 cm 2 . A schematic representation of the measuring method is depicted in Figure S21 . The contact electrodes were designed to be of rectangular shape and reaching both sides of the cut chips. Current was applied between the two outer electrodes and voltage was measured between the two central ones. The distance between the two central electrodes was set to be 1 mm. Based on this measuring configuration, no lateral effects are expected and it is ensured that the current lines are linear between the two central voltage electrodes.
S.5.2. Evolution of pre-exponential factor with Co content
The LSMC electronic conductivity has been found to obey to the small polaron hopping behavior, following the temperature dependence: ߪ ൌ ఙ బ ் exp ሺ ா ೌ • ್ ் ሻ, with A, E a and k b as pre-exponential factor, activation energy and Boltzmann constant respectively. The pre-exponential factor is defined as: ߪ ൌ ேሺଵିሻ మ మ జ ್ , where N is the concentration of available lattice sites, C is the lattice sites occupied by charge carriers, e is the electron charge, a is the lattice constant, ߭ the vibrational frequency and k b he Boltzmann constant. The fitted pre-exponential factor A is shown in Figure  S22 as a function of the Co content. The behaviour found is similar to the bulk samples 11 . The increase for x=0.35 is coherent with a change from Mn to Co sub-lattice conduction mechanism, which cause an increase of charge carriers due to a higher disproportion mechanism and a smaller band-gap (the conduction in Co-rich LSMC could be n or p type depending on the Mn and oxygen vacancy concentration 12 ). Figure S24 . Evolution of the pre-exponential factor ߪ in polaron hopping mechanism as a function of Co content. The open symbols refer to samples with visible cracks that could affect the conduction. The green square refers to a LSC sample deposited on sapphire single crystal. Data from LSMC bulk sample from the literature are reported for comparison 11 .
